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INTRODUCTION 
In the course of obtaining information, adults generally rely heavily 
on the structure of the environment. However, as Davis (I967) has shown, 
if the perceptually dominant surface structure is inefficient as a basis 
for information acquisition it will not be used. Rather, adults will 
generate structures of their own and impose these on the task such that 
their information seeking can pr ceed in an efficient manner. 
While it is clear from this and other studies (see Bruner, Goodnow, 
and Austin, 1956, for example) that adults often develop a strategy of 
information acquisition around some abstract structure imposed on a task, 
it is equally clear that young children do not develop such strategies. 
Thus, the general problem addressed in this paper is that of examining 
this developmental change in the nature of information seeking strategies. 
Developmental studies of problem solving consistently show a 
dramatic change in behavior, which, for a wide variety of tasks, occurs 
during the early school years—around the ages of five to eight years. 
The evidence for this change in problem solving behavior, as well as 
many other psychological and physiological changes which occur concom-
mitantly, was discussed at length by White (1965, 1968). 
Although many different types of problems have been investigated, 
the class of tasks which has undoubtedly received the most attention is 
Piaget's conservation problem. The typical procedure (Piaget, I967, p. 80) 
for one type of conservation task is to place before the child two 
beakers of equal dimensions which contain equal amounts of water. After 
the child has judged the two quantities of water to be equal, water from 
one beaker is transferred to a beaker of a different size—for example, 
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one which is both taller and wider. The child is then asked a set of 
questions designed to discover whether he thinks the quantity of water 
remained the same, increased, or decreased when transferred to the larger 
beaker. If the child is about six years old or younger, he will probably 
say that the quantity of water changed because the beaker is wider, or 
because the beaker is taller, or because the water level is lower. 
However, if the child is older than six years he will most probably 
judge the quantity of water to be unchanged. Further, the older child 
will point out that the decrease in water level exactly compensated for 
the increase in diameter of the beaker. 
In other words, the younger child attends to (centers on) only one 
dimension of the task: height, or width, or "size" (where "size" 
confounds height and width). By contrast, the older child can decenter, 
and is thereby able to ignore surface appearance in favor of considering 
the underlying relationship between height and width of the beaker and 
water level. 
In Piaget's terms the younger child's thought is preoperational, i.e., 
it is focused on the single most obvious surface feature of the situation. 
"Preoperational thought . . . can focus impressionistically and sporad­
ically on this or that momentary, static condition but cannot adequately 
link a whole set of successive conditions into an integrated totality by 
taking account of the transformations which unify them and render them 
logically coherent (Flavell, 1963, p. 157)." 
The thinking of the older child is operational. at least when dealing 
with concrete environmental conditions. Not only can this child take 
into account the relations between the two dimensions of the task, but 
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his thinking is also reversible —he recognizes that the original state 
of the problem materials can be achieved by performing the transformation 
again in reverse. 
Research in training children to conserve has yielded results which 
generally support Piaget's conceptualization of cognitive development. 
For example, Wallach, Wall and Anderson (I967) found that with six- and 
seven-year-old children, two different training procedures had different 
effects on number conservation. After close inspection of the two proce­
dures it was suggested that the differential training effects could be 
attributed to perceptual factors. While both training procedures led the 
^s to recognize reversibility, only the more effective one led to stop 
relying on misleading perceptual cues. This interpretation is also supported 
by the now-well-documented facilitative effect of removing misleading 
cues in conservation problems (Bruner, 1964; Bruner, 01 ver, Greenfield, 
et al., 1966; Wallach, I969). 
Another type of task which reveals a major developmental change in 
the nature of children's thinking is the concept shift problem. In this 
task the first learns to categorize stimuli on the basis of one dimen­
sion, such as size. Later, without the S^'s knowledge, E_ changes the 
reward contingencies making it necessary for the to learn a new categor­
ization rule. For example, if in the initial discrimination all large 
instances were positive and all small instances negative, the reward 
contingencies could be changed in one of two ways: (a) small instances 
can be made positive and large ones negative—an intradimensional shift; 
or (b) instances of one color can be made positive, and instances of 
another color negative, regardless of size—an extradimensional shift. 
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When children of different ages are tested it is found that the 
relative difficulty of making an intradimensional shift decreases with 
age, while the extredimensional shift becomes more difficult to learn 
(Kendler, Kendler, and Wells, I960; Kendler and Kendler, 1962). Further, 
when given a choice, ^ s up to about six years prefer to respond in an 
extradimensional shift manner, whereas older ^ s more often choose the 
intradimensional shift (Kendler, Kendler, and Learnard, 1962). 
It has been suggested by Kendler and Kendler (1962) and Reese (1962) 
that young children behave as they do because their behavior is reflexive. 
The behavior of older children, however, becomes mediated by virtue of 
their greater facility with words. Luria (1957) expressed this view in 
the fol lowing way. 
In the early stages of child development, speech is only a 
means of communication with adults and older children. . . . 
Subsequently it becomes also a means whereby he organizes 
his own experience and regulates his own actions. So the 
child's activity is mediated through words (p. 116). 
Without the presence of verbal mediators the intradimensional shift 
requires more new learning than the extradimensional shift. The presence 
of mediators makes the intradimensional shift easier since the same 
mediators can be used both before and after the shift. For these older 
S^s, the extradimensional shift is more difficult because it requires the 
formation of new mediating responses. 
Tighe (1965) interpreted children's concept shift behavior in terms 
of differentiation theory (Gibson, 1963). 
Increased sensitivity to stimulus variable themselves may 
play an important role in promoting the dimensional control 
of discriminative response which is assumed to be necessary 
for rapid reversal. According to this viewpoint, organisms 
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may be expected to differ both individually and develop-
mentally in their ability to detect stimulus dimensions and 
to independently utilize such invariant properties of 
stimulation ... (p. 380). 
Johnson and White (196?) found a significant correlation between 
ability to order stimuli according to their values on a dimension and 
concept shift performance. Their data suggest that the concept of 
dimensionality underlies the appearance of médiational responding. 
Bruner, 01 ver, Greenfield, et al., (1966) reported a variety of 
experiments in which major changes were observed during the early school 
years. For example, Olver and Hornsby (1966) found that the tendency 
to categorize pictures and words on the basis of perceptual features 
decreased sharply between the ages of six and eight years. In addition, 
the ability of the children to construct superordinate categories as 
opposed to associative groupings or chain complexes increased sharply 
between the ages of six and nine years. 
Mosher and Hornsby (1966) and Olson (1966) found a similar increase 
between ages six and eight in the child's ability to establish informa­
tional constraints in a problem situation. In both of these studies the 
problems were designed so that the child had to construct a hierarchy of 
categories based on the distinguishing features of the alternative 
solutions, and then use that hierarchy to generate a connected sequence 
of information seeking behaviors. 
As Bruner (1966) put it: 
In one experiment after another ... we see the younger 
child failing to solve problems by virtue of using surface 
cues while the older child succeeds by learning to respond 
to such 'invisible' or 'silent' features as relations, 
hierarchies, etc. (p. 26). 
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In a situation similar to that used by Mosher and Hornsby (I966), 
Van Horn and Bartz (1968) found that six-year-olds would use the under­
lying features of a task to establish informational constraints only 
when those features were perceptually obvious. Eight-year-olds, on 
the other hand, took advantage of these underlying features regardless 
of whether or not they could be "seen" in the situation. 
The phenomenon evidenced in all of the preceding studies is that 
there is a time in the child's development before which he responds 
reflexively to attention-getting surface features in the environment, 
and after which he responds as if his behavior were mediated by internally 
generated structures that are imposed on the environment. 
Objectives 
The purpose of the present research was to developmental 1 y investigate 
the ways in which children impose structure on the environment in the 
course of their attempts to obtain information. The studies were specif­
ically designed to provide data relevant to the Piaget-Bruner position 
which holds that the preoperational or ikonic child is unable to go beyond 
the surface features of the environment and impose a structure with which 
he can deal with underlying relations and abstract features. However, no 
attempt was made to gather evidence either in support of or in opposition 
to any particular theory. Rather, the objective was to find out more 
about the shift to symbolically mediated behavior. 
The investigation was conducted in three separate experiments. 
Exp. I was designed primarily to study the effect of varying amounts of 
perceptual order on ^ s' strategies for acquiring information. Exp. II 
7 
examined orders of presentation of completely ordered and completely 
random materials. In addition to re-examining the effect of varying 
amounts of perceptual order, Exp. Ill was designed to investigate the 
ways in which ^ s impose structure on unstructured materials. 
The general prediction running through all three studies is that 
the older the child the less he will be influenced by the perceptible, 
surface nature of the problem materials. 
The problems used in all three experiments followed the format of 
the parlor game of Twenty Questions. In most of the games was faced 
with the task of obtaining sufficient information to determine which one 
of l6 equally likely alternatives was correct. The only way in which. 
2 was allowed to obtain information was by asking questions which could 
be answered "yes" or "no." 
The amount of information obtained by a single yes-no question varied 
from 0.338 bit to 1.000 bit, depending upon the proportion of alter­
natives eliminated by the question. The following formula was used to 
calculate the expected amount of information (El) which was obtained by 
any question. 
E! = -p loggp - q logg^ 
in this equation, £ equals the proportion of alternatives eliminated 
if the answer was "yes," and £ equals the proportion of alternatives 
eliminated if the answer was "no." Figure 1 shows the distribution of 
El scores. Note that El is maximized when £= .50, and becomes smaller 
as £ deviates from .50. Consequently, ^  could maximize the expected 
amount of information obtained by asking questions which eliminated 
exactly half of the alternatives. 
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METHOD 
Subjects 
The were I70 children enrolled in grades k, 1 and 2 in two nearby 
public schools. These ^ s were selected by their teachers who were asked 
to supply children achieving in the upper half of their classes. The 
purpose of this selection criterion was to reduce the heterogeneity of 
at each age, and to keep the ^ s approximately equivalent to those of 
previous studies. 
Materials 
The materials for all Twenty (Questions (20G) problems ware 16-cell 
arrays of figures constructed from colored paper and mounted on illustra­
tion board. In Exp. I and II the figures were geometric shapes varying 
on four binary dimensions: color, size, shape, and number-of-figures per 
cell. In Exp. Ill the figures were "bugs" varying on four dimensions in 
one problem, and seven dimensions in another problem. Bugs were used 
instead of. geometric shapes so that the seven dimensional array could be 
constructed. Figure 2 shows one array of geometric shapes and one array 
of bugs. All arrays used in the three experiments are listed and described 
in Tables 1 and 2. 
The array names in Tables 1 and 2 indicate how many of the four 
dimensions are random. A random dimension is one whose attributes are 
randomly arranged in the array. For example, in Array 3Rn (shown in 
Figure 2) color, shape, and size are random dimensions. Dimensions 
which are not random are ordered, i.e., systematically arranged in the 
array. Since number-of-figures is the ordered dimension in Array 3Rn, 
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Table 1. 20 Questions arrays used in Exp. I and 11 
Array Ordered dimensions Random dimensions 
OR 
IR 
2R 
3Rc 
3Rsi 
3Rsh 
3Rn 
4R 
Color (blue, green) 
Shape (circle, star) 
Size 
Number-of-f igures 
Shape (X, bar) 
S i ze 
Number-of-figures 
Size 
Number-of-figures 
Color (red, purple) 
Size 
None 
Shape (X, bar) 
Number-of-figures 
None 
Color (yellow, orange) 
Color (red, purple) 
Shape (+, diamond) 
Shape (+, diamond) 
Size 
Number-of-figures 
Color (blue, green) 
Shape (circle, star) 
Number-of-f i gures 
Color (yellow, orange) 
Size 
Number-of-figures 
Color (black, white) 
Shape (triangle, square) 
Size 
Color (black, white) 
Shape (triangle, square) 
Size 
Number-of-f i gures 
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Table 2. 20 Questions arrays used in Exp. Ill 
Array Ordered dimensions Random dimensions 
OR Color None 
Shape 
Legs 
Spots 
2R Legs Color 
Spots Shape 
4R None Color 
Shape 
Legs 
Spots 
each cell in one half of the array contains two figures and each cell in 
the other half of the array contains one figure. 
Procedure 
Each ^  was tested individually by either the author or his assistant. 
The experimental sessions were conducted in the most private and 
distraction-free spaces available in the schools. Comments designed to 
maintain ^ 's interest were made between problems at E^'s discretion, 
but never during a problem. There were no time limits on any of the 
p rob 1 ems. 
Instructions 
The following instructions were given to each S_ at the beginning of 
the experimental session, and were repeated in an abbreviated form before 
each subsequent 20Q, problem. 
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We are going to play a game with these pictures. The game 
goes like this: I am thinking of one of the pictures, and 
your job is to find out which one I am thinking of. The 
way you can find out is to ask me questions. You may ask 
any questions you wish, but I can only answer 'yes' or 'no.' 
Now let's see if you can find out which picture I am thinking 
of. 
Scoring 
The questions asked by ^  were classified as either constraint or 
scanning. A constraint question is one which guarantees the elimination 
of more than one alternative, e.g., "Is it large?" A scanning question 
is a direct test of a single alternative, e.g., "Is it the one, small, 
white triangle?" Once S^'s questions had been scored his sequence of 
questions were categorized as one of two possible strategies: (a) the 
Scanning strategy which consists of scanning questions only; and (b) the 
Constraint strategy in which 2 asked at least one constraint question. 
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EXPERIMENT 1 
Each 2 Exp. I was given five problems; four 20Q, problems and one 
Information Recognition (IR) problem. Five different orders of presentation 
were used so that some of the variance due to carry-over between problems 
could be removed from the experimental error, and the remaining carry­
over variance would be balanced over problems. 
Two separate groups of children were given the 20Q. problems. The 
number of ^ s in each group is shown in Table 3. The ^ s in Exp. i-a used 
Arrays 3Rc, 3Rsi, 3Rsh, and 3Rn, in which the degree of perceptual order 
was held constant while the ordered dimension varied from array to array. 
The purpose of this set of problems was twofold: (a) to see if there 
would be an increase with age in the tendency to take advantage of the 
order present in the arrays; and (b) to determine whether this increase, 
if any, would vary,depending upon which particular dimension was ordered. 
^s in Exp. l-b were given Arrays OR, IR, 2R, and 4R, in which the 
number of ordered dimensions varied from array to array. The purpose of 
this manipulation was to see whether the degree to which children take 
advantage of order would vary continuously or discontinuously with the 
extent of perceptually obvious order, in other words, the question was 
whether children would use the order to whatever extent it was present 
or if some minimal amount of order would be required before the child 
would take advantage of it. 
The IR problem consisted of three sub-problems corresponding to 
three cards. Each card contained a total of eight different shapes 
arranged in two rows : Card RC contained four yellow shapes in the top 
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Table 3. Number of in each part of Exp. I 
Grade k Grade 1 Grade 2 
Exp. l-a 5 5 5 
Exp. I-b 10 10 5 
row and four green shapes in the bottom row; Card C contained four blue 
and three purple shapes in the top row and one purple shape in the bottom 
row; and Card R contained one orange and three red shapes in the top row 
and four red shapes in the bottom row. 
The three parts of the IR problem were given in the same order to 
all ^s—Card RC, Card C, Card R. For each part of the problem ^  was 
told that the game was for him to find out which one of the figures E^ 
had in mind. Before ^  was allowed to ask any questions he was given the 
following choice by "Would you rather have me tell you which color 
it is, or which row it is in?" 
The purpose of the IR task was to see if children—like the adults 
in Davis's (1967) study—would be sensitive to the relative values of 
different structures as bases for acquiring information. Consequently, 
^s performance on the IR problem was scored as follows. On Card C, S_ 
was scored "Pass" for choosing the color information and "Fail" for 
choosing the row information. The scoring for Card R was just the 
opposite—"Pass" for choosing the row information and "Fail" for 
choosing the color information. Card RC was not scored since ^  received 
the same amount of information regardless of hi s choice. The expected 
] k  
amount of information gained by a choice of the color information on Card C 
and row information on Card R was equal to 1.000 bit. The El value of a 
row choice on Card C and a color choice on Card R was equal to 0.545 bit. 
Results and Discussion 
Table 4 shows the proportions of ^ s at each grade in Exp. I-a who 
used a Constraint strategy. Since each of these proportions is based on 
only five £s, no firm conclusions can be drawn from them. 
Table 4. Proportion of ^ s at each age in Exp. l-a who used the Constraint 
strategy 
Array Array Array Array 
Grade 3Rc 3Rsi 3Rsh 3Rn 
k .40 . 40 . 40 . 20 
1 .60 . 60 . 60 . 60 
2 .80 .So .80 .80 
Table 5 shows the proportion of ^ s at each grade in Exp. l-b who 
used a Constraint strategy. It is quite evident that the number of 
random dimensions had no detectable effect on the ^ s' strategies, 
although there were clear age differences. 
In the IR task the result of interest was the proportion of S^s 
at each grade who "Passed" both Card C and Card R. These proportions, 
which provide no support for any age differences, are shown in Table 6. 
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Table 5. Proportion of at each age in Exp. l-b who used the Constraint 
strategy 
Array Array Array Array 
Grade OR IR 2R 4R 
k .40 .40 .40 .30 
1 .80 .80 .80 .70 
2 1.00 1.00 1.00 1.00 
Table 6. Proportions of ^ s (Exp. I-a and l-b pooled) who received each 
combination of scores in the IR problem 
Pass-Fai1 
rade Pass-Pass Fail-Fail Fail-Pass 
k .27 .27 .47 
1 .20 .33 .47 
2 .20 .30 .50 
Experiment I was designed primarily to investigate the effect of 
the number of random dimensions on ^ s' strategies for acquiring information. 
Inspection of the results based on the incomplete data summarized in 
Table 5 convinced the author that no differences would be found. 
Taking into account the theories and previous studies (especially 
Van Horn and Bartz, 1968) relevant to the present experiment, the very 
least one would expect to find would be a difference between Array OR and 
Array 4R among the kindergarteners. 
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The only respect in which the present study differed importantly 
from Van Horn and Bartz (1968) was that in the present study each 2 was 
given all four arrays, whereas in the previous study one group of ^ s was 
given the ordered array and another group was given the random array. 
Consequently, the most reasonable conclusion seemed to be that carry-over 
effects had masked the effect of randomness. As a test of this conclusion, 
Exp. II was designed to investigate both randomness and carry-over effects. 
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EXPERIMENT II 
The purpose of Exp. II was to re-examine the differential effects 
of completely ordered and completely random arrays on children's 
strategies which was reported by Van Horn and Bartz (1968), as well 
as to assess carry-over effects between arrays. In order to accomplish 
this objective, 40 children were randomly divided into two groups, each 
of which contained 10 kindergarteners and 10 first graders, ^s in 
Group A were given two 20Q, problems using Array OR followed by two 
problems using Array 4R. ^s in Group B were given the same problems 
in reverse order—two problems with Array 4R followed by two with Array 
OR. 
Results and Discussion 
Table 7 shows the proportions of ^ s using a Constraint strategy 
under each order of presentation. As a test of the effect of order of 
presentation, each ^  was classified according to whether he used the 
same strategy on both Array OR and Array 4R, or changed from Scanning on 
the array presented first to Constraint on the array presented second. 
All instances of strategy change were from Scanning to Constraint, and 
all but one occurred when Array 4R was presented first. These data 
suggest that randomness led to the use of a less efficient strategy 
when the random array was presented first, but this effect was cancelled 
by prior experience with the ordered array. 
A Chi-square analysis was used to test the effect of order of 
presentation on strategy changes. The obtained value of Chi-square, 
2 
X (I) = 2.06, £< .20, was not significant. However, considering the 
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Table 7- Proportions of ^ s using a Constraint strategy 
Group A arrays Group B arrays 
Grade OR OR 4R 4R 4R 4R OR OR 
k .50 .50 .50 .50 .30 .30 .50 .50 
1 .80 .90 .90 .90 .70 .70 .90 .90 
consistency with which the data conformed to expectations, the investi­
gator was willing to accept the order effect as sufficiently large to 
have masked the effect of randomness in Exp. I-a. 
The other effect of interest—the increase with age in the proportion 
of ^ s using the Constraint strategy—was clearly significant. 
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EXPERIMENT III 
Exp. I was an attempt to elaborate on previous results (Van Horn 
and Bartz, 1968) which showed that children's strategies for acquiring 
information depended upon whether the problem array was completely 
ordered or completely random. Exp. II demonstrated that order of 
presentation of arrays was probably important when different arrays were 
given to the same as was the case in Exp. I. Consequently, the 
results of Exp. I were ambiguous with respect to the effect of varying 
degrees of randomness, and an additional experiment was required in order 
to accomplish the original objective. 
In the present experiment, 30 children from each of grades k, 1, 
and 2 were given three problems, the first of which was designed to 
assess the effect of partial randomness. 
Problem 1 
For the first problem the S^s at each grade were randomly assigned 
to three groups of lO ^s each. The ^ s in each group were given one 20Q, 
problem: Group OR used Array OR (completely ordered); Group 2R used 
Array 2R (partially random); and Group 4R used Array 4R (completely 
random). 
Problem 2 
Immediately following Problem 1 all Ss were given one problem using 
Array 0R7, a modified 20Q, array which is shown in Figure 2. This array 
was constructed by adding three binary dimensions—antennas, legs, and 
spots—to a 20Q, array of bugs varying on color, size, shape, and number. 
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The three added dimensions, unlike the original four, did not divide the 
bugs into equal sized sets. Consequently, it was possible for ^  to ask 
constraint questions with El values of less than 1.000 bit. 
The purpose of Problem 2 was to see whether there would be an 
increase with age in the ability to detect relatively small differences 
in efficiency of alternative constraints. Thus, for this problem, those 
^s who followed the maximally efficient strategy in Problem 1 were of 
primary interest. The question was, would there be an increase with age 
in the proportion of S^s following a maximally efficient strategy in 
Problem 1 who also asked only maximally informative questions in Problem 2. 
Problem 3 
The third problem was an entirely exploratory task designed to test 
the feasibility of having young children physically impose structure on 
an unstructured set of alternatives. In this problem the alternatives 
were eight bugs which were identical in every respect except that one 
bug was blue and seven were brown. All eight bugs were mounted on 
separate cards so that they could be moved around individually. 
Problem 3 was administered in three parts, each of which was a 20Q, 
problem. At the beginning of each sub-problem the eight bugs were arranged 
in a row in front of with the single blue bug at one end of the row. 
The first part of Problem 3 was a demonstration by ]E of how ^  might use 
spatial arrangement to impose structure on the alternatives. In the 
second and third parts of the problem was given the opportunity to 
impose his own structure on the bugs. In these parts of Problem 3, was 
credited with having imposed a structure on the alternatives if he both 
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altered them in such a way that a basis was provided for establishing an 
informational constraint, and he asked the constraint question made 
possible by his alteration of the alternatives. 
In part (a) the bugs were rearranged into two rows of four bugs 
each. As this was being done E/explained that the bugs were being moved 
in order to make it easier for to find out which bug had in mind. 
^ then played the usual 20Q, game, and E^ noted whether he used the spatial 
arrangement of the bugs as a basis for eliminating alternatives. 
in part (b), £ was given the option of rearranging the bugs by 
moving as few or as many bugs as he wished. E_ further suggested that 
^ move the bugs in a way that would make it easiest to find out which 
one E^ had in mind. E_ made note of the spatial arrangement created by ^  
and whether or not ^  used that arrangement as a basis for acquiring 
information. 
In part (c), ^  was given seven blue bodies and E_ pointed out that ^  
had enough blue bodies to change the color of as many or as few of the 
bugs as he wished. Again, ^  was cautioned to do this in a way that 
would make it easiest for him to find out which bug E^ had in mind. E_ 
recorded the number of bugs of each color and whether or not ^  used the 
color dimension to eliminate alternatives. 
Results and Discussion 
Problem j_ 
Table 8 shows the proportion of ^ s in each group who followed a 
Constraint strategy on Problem 1. As expected, there was a dramatic 
2 
increase with age in the use of Constraint, \ (2) = 33.46, £<.01. 
22 
Also as expected, the results show that the effect of randomness decreased 
with age. Perhaps the most interesting result was that the partially 
random array had a different effect a grade k than at grade 1. For 
kindergarteners the partially random array was equivalent to the com­
pletely random array. However, for first graders the partially random 
array was equivalent to the ordered array. The first graders were able 
to "see through" a little randomness at the surface, but the kinder­
garteners were not. A Chi-square analysis of the proportion of kinder­
garteners and first graders in each group who used a Constraint strategy 
2 
showed this Array x Grade interaction to be reliable, (2) = 9.23, £<C.01. 
Table 8. Proportions of S^s following the Constraint strategy in Problem 1 
Array Array Array 
Grade OR 2R 4R 
k .60 .20 .20 
1 .80 .90 .50 
2 1.00 1.00 .90 
Problem 2^ 
Tables 9 and 10 show the number of ^ s who did and did not ask 
questions with maximum El values in Problem 2 continguent upon their 
performance in Problem 1. 
As can be seen from Tables 9 and 10, a total of 22 ^ s maximized the 
expected amount of information gained by their questions in Problem 2. 
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Table 9. Number of maximizing the El value of their questions in 
Problem 1 who did and did not maximize El in Problem 2 
Did not maximize Did maximize 
Grade El in Problem 2 El in Problem 2 
k 6 0 
1 12 5 
2 13 14 
Table 10. Number of 
Problem 1 
2 not maximizing the El value of 
who did and did not maximize El 
thei r questions in 
in Problem 2 
Grade 
Did not maximize 
El in Problem 2 
Did maximize 
El in Problem 2 
k 24 0 
1 12 1 
2 1 2 
Of these 22 ^ s, 19 had asked maximally informative questions in Problem 1, 
and only 3 had not. These differential results suggest that those who 
maximized their expected information gain per question in Problem 2 did 
so intentionally. Particularly among the second graders there appears 
to have been some recognition of the relative value of different dimensions 
as bases for acquiring information. 
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Problem 3. 
The proportions of ^ s using a Constraint strategy in Problem 2 who 
also imposed structure in Problem 3 are displayed in Table 11. None of 
the imposing structure in Problem 3 used a Scanning strategy in Problem 
2.  
Table 11. Number of ^ s using the constraint strategy on Problem 2 and 
imposing structure in Problem 3 
Type of structure 
Grade Problem 2 Spatial Color 
k 13 1 9 
1 23 13 21 
2 29 20 26 
Two results are evident from inspection of these data. First, at 
all ages more ^ s used color than spatial arrangement as a basis for 
constraint. Second, the proportion of ^ s imposing structure increased 
with age for both color and spatial arrangement. 
The fact that none of the Ss following a Scanning strategy on 
Problem 2 imposed structure in Problem 3 is consistent with expectations. 
This result lends support to the inference that ^s who use a Scanning 
strategy do not recognize the greater efficiency of establishing constraints 
based on the structure of a set of alternatives. Similarly, the increase 
with age in the proportion of ^ s imposing structure is consistent with the 
results of Problem 2 which suggested that more of the older ^ s recognized 
the relative informational value of alternative structures. 
The actual structures imposed by the ^ s were not analyzed. For 
the most part they were very simple structures like the one used by E_ in 
demonstrating part (a). Most of the created just two classes of 
alternatives. Such a result would indicate that the ^ s were not genuinely 
creating a structure, but merely "copying" E_ and following instructions. 
Evidence contrary to this conclusion is of two kinds. First, as stated 
above, only those ^ s who used the Constraint strategy imposed either 
kind of structure. Beyond this, there were several, first and second 
graders who created more complex structures. In part (b) five ^ s divided 
the bugs into two groups of two pairs each, thus guaranteeing that they 
could solve the problem with only two questions. In part (c), six ^ s 
combined the spatial arrangement and color dimensions in such a way that 
only three questions were required to reach a solution. 
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SUMMARY AND CONCLUSIONS 
The general problem set forth in the introduction was to examine the 
nature of a qualitative shift in problem solving behavior occurring 
a round the age of six or seven. This change has been variously charac­
terized as: (a) a shift from a reflexive to a mediational mode of 
response; (b) a product of the growth of operational structures; (c) a 
shift from ikonic to symbolic thought; and (d) an increasing ability to 
detect and use the dimensions of stimulation. Each of these positions 
either states directly or implies that the shift occurs when behavior 
becomes symbolically mediated. 
Symbolic mediation has two consequences which are essential for 
efficient problem solving. First, it enables the child to ignore the 
highly salient perceptible features of a task which are often either 
irrelevant or misleading. Second, symbolic mediation makes it possible 
for the child to take advantage of hierarchical relationships among 
alternative solutions. This latter ability is important because the 
maximally efficient acquisition and use of information requires that 
alternatives be dealt with hierarchically. It is in the nature of a 
hierarchical structure that informa leading to the acceptance of 
one subset of alternatives automatically leads to the rejection of all 
other subsets of alternatives. 
The older child, then, can test a whole set of hierarchically related 
alternatives with each item of information acquired--the Constraint 
strategy. Further, at any point in the hierarchy the child can tell 
what additional information he needs in order to identify the correct 
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alternative. Lacking these abilities, the best that the younger child 
can do is to test individual alternatives, rejecting them one at a time 
until he finds the correct one—the Scanning strategy. 
In the present study, the tasks and materials were designed such 
that these two qualitatively different modes of problem solving could be 
examined. For each problem the child's task was to find out—by asking 
questions which could be answered "yes" or "no"—which one of a set of 
alternatives was correct. In most of the problems the materials were 
constructed so that there was a hierarchical structure underlying the 
alternatives. In problems involving these structured materials the major 
objective was to observe the effect of spatial arrangement of the 
alternatives. Three different arrangements were used: (a) ordered, in 
which the arrangement of the alternatives was perfectly correlated with 
their underlying structure; (b) random, in which there was no systematic 
relationship between spatial arrangement and underlying structure; and 
(c) partially random, in which the arrangement partially reflected the 
underlying structure of the alternatives. 
As expected, the effect of these arrangements was different at each 
grade. For kindergarteners, both the random and partially random arrange­
ments led to a large decrease in the proportion of ^ s using the Constraint 
strategy. Among the first graders only the random arrangement resulted 
in less efficient problem solving. Second graders used the Constraint 
strategy under all conditions. 
In sum, the present studies showed that the younger children were 
aided by making the perceptible, surface structure of the materials 
correspond to the hierarchical structure underlying them. However, the 
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oldest children were facile enough with the Constraint strategy that 
they were unaffected by the perceptual nature of the task. 
In a second set of tasks the ^ s were required to solve problems in 
which the alternatives were unstructured. For these tasks the S^s were 
given the means whereby they could impose a structure on the materials. 
Under these conditions it was found that the probability of a child 
imposing structure, and then using that structure to gather information, 
increased from grade k to 2. Furthermore, the S_s' performance in this 
task was highly correlated with the strategy used when dealing with 
structured materials. Only those ^ s who used the Constraint strategy 
with the structured materials imposed structure on the unstructured 
materials. 
A question of much concern in contemporary research on conceptual 
skills is how the developmental process can be accelerated. In studies 
which bear on this question the investigator ordinarily provides young 
children with experiences designed to get these children to exhibit 
dvelopmentaîly advanced behavior. If it is found that different experi­
ences are differentially effective in bringing about more adult-like 
behavior, then some inferences can be made about what is involved in 
"natural" development. 
In one example of this type of research. Bourne (1969) investigated 
several ways of training children to adopt a sophisticated strategy for 
solving rule learning problems. The strategy, which is based on the 
logical truth-table, was adopted very quickly by adults when they were 
given a series of rule learning problems. Five- and seven-year-old, 
however, showed practically no evidence of adopting the strategy without 
the benefit of special pretraining in logic. 
Unlike most research in this area, no attempt was made in the 
present studies to actively intervene in the developmental process. 
Rather, the three experiments reported here were designed to assess the 
effect of various manipulations of the structure of problem materials on 
the development of strategies for acquiring information. What was shown 
was that the adoption of a developmental 1 y advanced strategy was 
facilitated by arranging the problem materials such that: (a) they had 
a relatively simple, hierarchical structure; and (b) their perceptible, 
surface structure was highly correlated with that underlying structure. 
For older children, who had acquired more powerful conceptual skills, 
the perceptible nature of the problem materials was of no consequence. 
Further, it was shown that given the opportunity, these older children 
were capable of creating a structure which they used as a basis for 
acquiring the information necessary to solve problems with unstructured 
materials. 
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